A novel FAD-protein that allows effective reduction of methyl viologen by NADH (NADH-methyl viologen reductase) from photosynthetic bacterium, Rhodospirillum rubrum: purification and characterization.
It was found that the cytoplasm of light-grown cells of Rhodospirillum rubrum could catalyze the reduction of methyl viologen (MV) (Em, 7 = -0.44 V) by NADH and NADPH. In the present study, the enzyme capable of catalyzing MV reduction by NADH (NADH-MV reductase) was purified 1,500-fold from an extract of cells with a yield of 4.4%. The purification procedure comprised (NH4)2SO4 fractionation, and chromatographies on Sepharose CL-6B, DEAE-Sepharose CL-6B, phenyl-Sepharose CL-4B, Blue-Cellulofine, and TSK-Gel G3000SW. Two NADPH-MV reductases were separated during the purification. The NADH-MV reductase obtained was nearly homogeneous, as judged on polyacrylamide gel electrophoresis both in the presence and absence of sodium dodecyl sulfate. The enzyme has a molecular weight of 220,000 and an isoelectric point of 4.8; it is composed of four subunits with a molecular weight of 57,000, and is bound with about 1 mol FAD/mol subunit. The activity is optimum at pH 8. The Km values for NADH and MV are 115 microM and 1.3 mM, respectively, with a molecular activity of 13,000 min-1. The activity was stimulated 2.4-fold in the presence of 20-100 mM ammonium ions. The enzyme also catalyzed the reduction of benzyl viologen, methylene blue and 2,6-dichlorophenol-indophenol (Em, 7 = -0.36, +0.011, and +0.217 V, respectively) at comparable rates. The ratios of the activity with NADH to that with NADPH were 80, 133, 41, and 5.5 with MV, benzyl viologen, methylene blue and 2,6-dichlorophenolindophenol, respectively. The enzyme was significantly stable in the presence of both 5mM 2-mercaptoethanol and 20% (w/v) glycerol. The activity was not appreciably influenced by the presence of 2 M urea, although the reagent caused dissociation to the subunits.